Introduction
There is growing evidence that kidney has a complete functional intrarenal reninangiotensin system (RAS). Angiotensinogen (AGT) and Angiotensin converting enzyme (ACE) are abundant in kidney and located in the proximal and distal tubules, collecting ducts, and renal endothelial cells. Renin secreted by juxtaglomerular apparatus cells can be delivered to renal interstitium. Angiotensin II (Ang II) in kidney is generated from locally produced and the sequestration from circulation. Angiotensin I delivered to the kidney can also be converted to Ang II, and the level of Ang II in the kidney is much higher than it in plasma. As the key component of RAS, AGT can regulate the Ang II level in kidneys [1, 2] . A large amount of investments suggest that the level of urinary AGT which is excreted from kidney is correlated with the augmentation of intrarenal AGT expression and Ang II content [3, 4] , and urinary AGT may serve as a new biomarker to reflect the activity of intrarenal RAS [5, 6] .
In recent years, the interest in the pathophysiology of hypertension and target organ injury has changed to the role of local RAS in specific tissues, especially in kidney as the pivotal management of blood pressure and fluid and electrolyte balance [1, 2] . In traditional theory, the normal response to an increased salt intake is the suppression of circulation RAS. Ingert et al. found that the renin and Ang II levels changed in a manner inversely related to sodium content of the diet in both plasma and renal tissues [7] . However, in recent studies, such as in salt-sensitive hypertension in Dahl rats [8] and in spontaneous hypertension rats (SHRs) [9] , researchers found that plasma renin activity and Ang II level decreased when given high-salt diet, but intrarenal AGT and Ang II level increased during the development of hypertension and renal damage, and the increase of intrarenal Ang II was associated with inappropriate augmentation of intrarenal AGT level [8] [9] [10] . In Ang II-infused hypertension, it was found that the proximal intratubular concentrations of ANG I and Ang II were much greater than their corresponding plasma concentrations, which suggested that the intrarenal RAS might play a critical role. Ang II up-regulated the formation of AGT as a positive feedback in contrast with the negative feedback with the circulation RAS, might indicate an independent regulation of intrarenal RAS [11] . Lara et al. found that in SD rats, HS could independently stimulate oxidative stress and inflammation but it also synergized with the inappropriate high level of Ang II to exacerbate hypertension and kidney injury [12] . A study examining the effects of dietary salt on intrarenal RAS in salt-sensitive and salt-resistant rat kidneys (SSR and SRR) found that high-salt diet lowered plasma renin activity but increased kidney Ang II-positive cells and AT1R in SSR but not in the SRR, which suggested that salt sensitivity in the SSR, was associated with up-regulation of the intrarenal RAS [13] .
Excessive salt intake exerts severe detrimental effects on cardiovascular and renal structure and function in spontaneously hypertensive rats (SHRs) [10] and normotensive Wistar-Kyoto (WKY) rats [14] . Studies suggested that RAS was involved in the adverse effects of salt, since RAS blockade could prevent or ameliorate salt-induced cardiovascular and renal injury in SHRs [15] . However, the change of intrarenal RAS and its role in high-salt diet induced hypertension models is unclear. The present study was determined to examine the change of intrarenal RAS in high-salt induced hypertension Wistar rat models.
Material and Methods

Animals
Twenty seven male Wistar rats (Technical name: Vr:WI, bred by Wistar Institute in USA in 1907, and introduced by Vital River from Charles River Laboratories Inc in 2011)weighing 250±20g were used. The experimental protocol was approved by the Committee for animal Experiments of the Peking University Medical Department. Animals were housed in a temperature-controlled room with a 12h light-dark cycle, and they were allowed one week to adjust after arrival and had free access to food and water during the entire study.
Experimental design
Rats were divided randomly into three groups and placed on a normal-salt diet (NS group, 0.3%NaCl in chow; n=9), a high-salt diet (HS group, 8%NaCl in chow; n=9) or a high-salt diet with Losartan (HS+L group, 8%NaCl in chow and Losartan 20mg/kg per day in gavages; n=9) for 6 weeks. During the study, systolic blood pressure (SBP) was measured every 2 weeks in conscious rats by tail-cuff plethysmography (Softron biotechnology). Urine (24 h) was collected every 2 weeks in metabolic cages with measurement of urinary volume and water intake. Urinary protein was determined in the clinical laboratory at Peking University Third Hospital. After 6 weeks, the rats were sacrificed, blood was collected by cannulation of the abdominal aorta, and kidneys were perfused in situ and immediately removed, quickly weighed. Left kidneys were snap-frozen in liquid nitrogen immediately and stored at -80℃, right kidneys were fixed in 4% paraformaldehyde.
Collection and extraction of blood, kidney, and urine samples
Blood was collected in prechilled anticoagulation tube containing a mixed inhibitor solution. After centrifugation at 4℃ for 10min at 3000g, plasma was separated and stored -20℃ until applied to measurements. Right kidneys were sectioned for measuring the expression of AGT by immunohistochemistry staining. Left renal cortex was dissected from inner medulla under stereomicroscopy and homogenated for tissue renin activity, Ang II and AGT measurements. Urine samples were obtained and centrifuged at 3000g for 10min; supernatants were separated and stored at -20℃.
Plasma renin activity and renal renin content
Plasma was separated and assayed by a commercially available Plasma Renin Activity 125I RIA kit (The north biotechnology research institute, Beijing). 200mg of left kidneys were immersed in precold homogenization buffer (2.6 mM EDTA, 3.4 mM hydroxyquinoline, 5 mM ammonium acetate, 200 μM PMSF, and 0.256 μM dimercaprol), homogenized, and after centrifugation, supernatants were used to assess the renal renin content by Renin Activity 125I RIA kit. The procedure in brief, after rapid thawing, 500 µl plasmas or supernatants were adjusted to pH 6.0 by adding a mixture containing citrate buffer and phenylmethylsulfonyl fluoride as angiotensinase inhibitor and incubated at 37°C and 4°C (blanks) for 90 min. After incubation, the RIA was performed. The concentration of Ang I was calculated by extrapolation of a standard curve with the lowest calibrator at 0.3 ng/ml of Ang I. The value of PRA was calculated with blank subtraction. The functional sensitivity of the assay is set at 0.2 ng/ml per h for values within the working range (from 0.2 to 50 ng/ml per h).
Plasma, urine and renal Ang II
The prestored samples: plasma, urine and supernatants of kidney tissue homogenization, were assayed by a commercially available 125 I-radiolabled Ang II kit according to the manufacture's instruction (The North Biotechnology Research Institute, Beijing).
Expression of kidney AGT mRNA
According to the manufacturer's instructions, RNAs were extracted from renal cortex by TRIzol reagent (Invitrogen). The isolated RNA was converted into cDNA and quantitive RT-PCR was conducted by the Brilliant SYBR green QPCR system. The quantitive real-time RT-PCR data were normalized to GAPDH mRNA expression. Primer sequences were as follows: AGT, forward primer 5'-CTCGTCTTCCAGCACGACTT-3', reverse primer 5'-AGATTTGCCTCAGCACCCAA-3';GAPDH, forward primer 5'-CAGTGCCAGCCTCGTCTCAT-3',reverse primer,5'-AAGGGCCATCCACAGTCTTC-3'.
AGT level of plasma, kidney and urine
Plasma and urinary concentrations of AGT were measured using an ELISA kit according to the manufacturer's instruction (Immuno-Biological Laboratories Co. Ltd, Tokyo, Japan), and urinary AGT excretion rates were calculated for the 24h volume. Both the intact AGT and des-angiotensin1-angiotensinogen were measured by the ELISA method.
To quantify the AGT protein in the kidney, renal cortex were immersed in precold homogenization buffer (2.6 mM EDTA, 3.4 mM hydroxyquinoline, 5 mM ammonium acetate, 200 μM PMSF, and 0.256 μM dimercaprol), homogenized, and after centrifugation, the supernatants were used to assess the renal AGT content by the rat AGT ELISA kit. Total protein concentrations in the supernatants were quantified using BioRad Protein Assay (Bio-Rad) and a Micro BCA Protein Assay Kit. Data from rat AGT ELISA were normalized by the protein concentration.
Immunohistochemistry of renal AGT
Formalin-fixed kidneys were dehydrated in gradated concentrations of alcohol, embedded in paraffin blocks, sectioned (3 um). Immunohistochemical analysis of AGT was performed with a rabbit polyclonal antimouse/rat AGT antibody (Immuno-Biological Laboratories Co. Ltd, Tokyo, Japan). For each rat, the cortical lesions in 20 consecutive microscopic fields were examined, and the intensities of AGT immunoreactivity were calculated and averaged using Image Pro Plus software (Media Cybernetics, Bethesda, MD).
Statistical analysis
Results were expressed as mean ± SD. Data were analyzed by repeated-measures ANOVA with post hoc Newman-Keuls multiple comparison test within each group and by one-way ANOVA with post hoc NewmanKeels multiple comparison test between two groups. Correlations were evaluated by the least-square method. A value of p<0.05 was considered statistically significant. Statistical analyses were performed using SPSS software, version 19.0.
Results
Blood pressure and urinary protein excretion at 6
th week At the beginning of the study, there was no significant difference in systolic blood pressure (SBP) among the three groups (P>0.05). Compared with NS group, SBP of both HS group and HS+L group enhanced significantly from the 2nd week and maintained to the end of the study (P <0.05). There was no significant difference between SBP in HS group and HS+L group ( Figure 1A) .
Similarly, there was no significant difference in urinary protein excretion among three groups at the beginning of the study (P>0.05). Compared with NS, urinary protein excretion increased significantly in HS rats at the 6th week (P<0.01). Unlike SBP, at the end of study, urinary protein excretions decreased significantly in HS+L group versus HS group (P<0.01) ( Figure 1B) .
The renin activity and Ang II levels in plasma and renal cortex at 6
th week Plasma renin activity (PRA) and plasma Ang II level in HS group suggested no significant changes compared with NS group. However, the PRA (P<0.05) and Ang II (P<0.01) levels emerged a significant increase in HS+L group versus HS group (Figure 2) . . SBP was measured every 2 weeks in conscious rats by tail-cuff plethysmography, and the measurement was repeated 6 times for each rat every time. * P <0.05, ** P <0.01 vs. NS group.
# P <0.05, ## P <0.01 vs. HS group.
Renin activity and Ang II in renal cortex were significantly augmented in HS group compared with NS group (P <0.05) and exhibited a significant decrease in HS+L group compared with HS group (P <0.01) (Figure 3) .
The AGT level in plasma and kidney
Plasma AGT level suggested no significant changes neither in HS nor in HS+L group compared with NS group (P >0.05) ( Figure 4A ). However, in renal cortex, expression of AGT mRNA and protein, and AGT immunoreactivity exhibited a significant augmentation in HS group compared with NS group (P <0.05), and suggested a significant decrease in HS+L group compared with HS group (P <0.05) ( Figure 4B , Figure 4C , Figure 4D , and Figure 5 ).
Excretion rates of AGT and Ang II in urine
Urinary excretion rates of AGT (P <0.01) and Ang II (P <0.05) in HS group were augmented significantly in HS group versus NS group, and there was a significant decrease in both urinary AGT (P <0.01) and Ang II excretion rates (P <0.01) in HS+L compared with HS ( Figure 6 ). th week, radioimmunoactivity was used to examine PRA and Ang II, n=9 for each group, every sample was examined twice. * P <0.05, ** P <0.01 vs. NS group. # P <0.05, ## P <0.01 vs. HS group. Fig. 3 . The renal cortex renin activity and Ang II level. Renal cortex was homogenized and the supernatant was used to measure the renin activity and Ang II level by radioimmunoactivity, n=9 for each group, every sample was examined twice. * P <0.05, ** P <0.01 vs. NS group. # P <0.05, ## P <0.01 vs. HS group.
Correlation analysis of AGT and Ang II between urine and renal cortex
Urinary AGT excretion rates correlated positively with renal cortex AGT mRNA expression (r=0.912, P <0.01), AGT content (r=0.592, P <0.01) and AGT immunoactivity (r=0.758, P <0.01). Likewise, urinary Ang II excretion rates showed significant relationship with kidney Ang II content (r=0.726, P <0.01). # P <0.05, ## P <0.01 vs. HS group.
Fig. 5.
Representative photomicrographs of AGT expression in kidneys visualized by immunochemistry staining in interstitial areas (x200). Proximal tubular AGT immunostaining was more intense in HS rats compared with that in the NS group, whereas in HS+L group, AGT immunostaining was less intense than that in HS group.
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Discussion
There currently is a great debate on whether RAS in kidney or in circulation contributes to the regulation of blood pressure and the development of hypertension. The classical dogma is that the circulation RAS rather than the intrarenal RAS plays an important role in the development of hypertension. It was reported that mice with the lack of vascular endothelial ACE may be normotensive or hypotensive [16] whereas mice with the lack of proximal tubular ACE may be normotensive [17] . However, recent studies strongly suggested that the proximal tubule ACE/ANGII/AT1R axis may mainly contribute to the development of hypertension. Over expression of AGT specifically in kidney could lead to chronic hypertension independently of the endocrine RAS in mice [18] , and mice lacking intrarenal AGT synthesis developed less hypertensive damage in the kidney [19] . Coffman and Crowley's group studies confirmed that the kidney AT1R are absolutely required for the development of Ang II-dependent hypertension and cardiac hypertrophy [20] . Gurley et al. and Li et al. demonstrated that deletion of AT1R and its signaling in the proximal tubule alone was sufficient to significantly decrease basal blood pressure, despite the intact systemic AT1R expression and vascular responses [21, 22] . Jia L. and Zhuo et al. found that intrarenal transfer of AT1R alone exclusively in the proximal tubule was sufficient to increase SBP which was associated with two fold increases in phosphorylated MAP kinase ERK1/2, lysate and membrane NHE3 proteins in freshly isolated proximal tubules, and a decrease in 24h urinary sodium excretion [23] .
The above studies were performed on gene transferred or gene deletion animals. In our studies, as intending to exclude other interferences and to find out the role of intrarenal RAS in wild-type normal animals, the forage containing 8% NaCl was used to induce hypertension. We confirmed that as the blood pressure raised, the expression of RAS components in renal cortex increased correspondly while the plasma RAS components did not change significantly, indicating that intrarenal RAS may be more closely associated with high-salt induced hypertension. When Losartan was administrated to the high-salt diet rats, the up-regulation of RAS in renal cortex especially in proximal tubules were reduced even though the blood pressure was not lowed, indicating that intrarenal RAS was not the only pivotal mechanism for high-diet induced hypertension. The 20mg/kg/day of Losartan is a usual dosage [24, 25] , but the other dosages such as 10mg/kg/day [26] , 100mg/500ml in Fig. 6 . The excretion rates of urinary Ang II and AGT. Radioimmunoactivity were used to examine Ang. Urinary AGT was measured by an ELISA kit, and adjusted by urine volume. n=9 for each group, every sample was examined twice.* P <0.05, ** P <0.01 vs. NS group.
drinking water [27] , 30mg/kg/day [28] and so on, are also adopted by researchers. So, in the present study, the dosage of Losartan may be not sufficient to this type hypertension. Varagic et al. reported that AT1 receptor antagonism attenuates target organ effects of salt excess in SHRs without affecting blood pressure [29] . Previous studies have demonstrated that high-salt diet can lead to anomalous tubule-glomerular feedback which is pivotal to NaCl and fluid delivery to the distal nephron [30] , and a study of Guild S J et al. has suggested that high-salt diet and elevated Ang II level could chronically increase renal sympathetic nerve activity [31] . Also, it is likely that the 8% NaCl diet provides a marked overload of NaCl that may stimulate various cytokines, inflammatory factors and oxidative stress leading to inappropriate stimulation of intrarenal RAS. They all may contribute to the maintenance of hypertension in high-salt diet even in the presence of Losartan. Given that the activation status of intrarenal RAS varied independently upon or in controversy with plasma RAS, it may be well suggested that intrarenal RAS has its self-regulation which is independent of circulation RAS. There were also studies demonstrated that elevated Ang II not only induced hypertension but also elicited inflammatory and immunological response that contributed to interstitial fibrosis, glomerulosclerosis, albuminuria and finally, renal failure [32] . In the present study, proteinuria changed along with the expression of intrarenal RAS and was converse with the plasma renin activity or Ang II levels. This may suggest that inappropriate activation of intrarenal RAS may contribute directly to renal damage. AGT is the only known substrate for renin, which is the rate-limiting enzyme of RAS. As the levels of AGT are close to Michaelis-Menten constant values for renin, and thus, upregulation of AGT in tissue leads to an increase in Ang II levels [33] . Over expression of AGT in renal proximal tubule in mouse, plasma AGT concentration was not altered, but urinary AGT was markedly increased compared with normal mouse [34] . In a glomerulosclerosis Munich-Wistar-Fromter rat model, researchers reported that the vast majority of urinary AGT originated from the tubules rather than glomerular filtration even when the glomerular filtration barrier was abnormal [35] . The present study suggested that urinary AGT and Ang II were closely related with renal AGT and Ang II levels which were consistent with the previous studies, and thus, it was concluded that urinary AGT could reflect the intrarenal RAS even in this animal model.
Conclusion
Our data demonstrated that high-salt may induce hypertension and renal damage by up-regulation of intrarenal RAS, blockage of AT1R decreased the proteinuria even though the blood pressure was not lowered, and urinary AGT could reflect the status of intrarenal RAS.
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